A field experiment was carried out at Sher-e-Bangla Agricultural University (SAU) Farm during July to November 2011 to evaluate the effect of integrated nutrient management (INM) on T. Aman rice (cv. BRRI dhan40). The field belongs to Red Brown Terrace soil under Tejgoan series having silt loam texture and 6.0 pH. Application of 70 % NPKS fertilizers + 4 t ha -1 dhaincha (Sesbania rostrata) (T 1 ) produced the highest grain yield (5.90 t ha -1 ), the second highest yield (5.85 t ha -1 ) was obtained from 80% NPKS + 2 t ha -1 dhaincha (T 2 ) treatment. The grain yield increased by 31.2 to 86.3% over control depending on the treatments. Treatments T 1 and T 2 resulted in higher N, P, K and S uptake by rice. The N, P, K and S concentrations of rice grain was higher for the treatments where Sesbania and cow dung were together applied in combination with NPKS fertilizers. The combined application of chemical fertilizers and organic manure increased organic carbon (OC), total N, available P, K and S contents in post-harvest soil. The overall results indicate that the integrated use of chemical fertilizer and organic manure can help increase grain yield of rice without deteriorating soil fertility.
INTRODUCTION
Agriculture in Bangladesh is predominately rice based and Bangladesh is the fourth rice (Oryza sativa) producing country in the world (BRRI, 2006) . It is grown in 28.06 million hectares of land in which T. aman (rainfed wet season rice) covers about 13.99 million hectares and produces about 12.21 million metric tons of rice (BBS, 2010) by utilizing varied soil fertility levels and fertilizer management. Soil fertility deterioration is a major constraint for higher rice yield in Bangladesh. The increasing land use intensity without adequate and balanced use of chemical fertilizers and with little or no use of organic manures have caused severe fertility deterioration of our soils resulting in stagnating or even declining of crop productivity. The farmers of this country use, on an average, 172 kg nutrients/ha (follow similar style) annually (132 kg N + 27 kg P + 17 kg K + 4 kg S, and 2 kg Zn), while the crop removal is about 250 kg ha -1 (Islam, 1995) . Since fertile soil is the fundamental resource for higher crop production, its maintenance is a prerequisite for long-term sustainable crop productivity. Soil organic matter is a key factor for sustainable soil fertility and crop productivity. A good soil in Bangladesh should have an organic matter content of at least 2.5% (BARC, 2012) . According to an appraisal report of Bangladesh soil resources, soils of about 6.10 m ha contain very low (less than 1%) organic matter, 2.15 m ha contain low (1-2%) organic matter and the remaining 0.90 m ha contain more than 2 % organic matter (Mondal, 2000) . Green manure prepared from Sesbania spp. is a cheaper and feasible alternative to other organic sources. Green manuring species such as Sesbania rostrata can fix sufficient amounts of N for optimum rice yield without any inorganic N input (Meelu et al., 1992) . Soil fertility declining day by day is a major reason for lower crop yield in Bangladesh. Intensive cropping, use of modern varieties, use of higher doses of nitrogenous fertilizers with little or no addition of organic manure are the principal factors for soil fertility depletion in the country. A crop production system with high yield targets cannot be sustainable unless balanced nutrient inputs are supplied to soil against nutrient removal by crops (Bhuiyan et al., 1991) . Available data indicate that the soil fertility in Bangladesh is in declining trend (Karim et al., 1994; Ali et al., 1997) which is responsible for declining crop yields (Cassman et al., 1995) . Neither organic manure nor chemical fertilizer alone can increase satisfactory yield under intensive farming.
Organic fertilizers has positive effect on root growth by improving the root rizosfere conditions (structure, humidity, etc.) and also plant growth is encouraged by increasing the population of microorganisms (Shaheen et al., 2007) . Organic fertilizers contain plant nutrients. Organic acids which occur in decomposition increases the benefits of nutrients (Anonymous, 2010) . Organic sources of nutrients applied to preceding crop can benefit the succeeding crop to a great extent (Hedge, 1998) through integrated use of organic and inorganic sources of nutrients (Singh et al., 2001) . Nambiar (1997) viewed that integrated use of organic manure and chemical fertilizers would be quite promising not only in providing greater stability in production, but also in maintaining better soil fertility. Based on the soil fertility problem as discussed above, the present study was undertaken to investigate the effect of combined use of chemical fertilizers and organic manures in T. aman (BRRI dhan40) production.
MATERIALS AND METHODS
The experiment was conducted in the experimental field of Sher-e-Bangla Agricultural University, Dhaka, Bangladesh during July to November 2011. The experiment was laid out in a randomized complete block design (RCBD), with three replications. Each block was divided into eight unit plots as treatments with raised bunds around. The unit plot size was 3 m x 2 m (6 m 2 ).The treatment combinations used were T 0 (Control, no fertilizer), T 1 (N 120 P 15 K 45 S 20 kg ha -1 , recommended dose), T 2 (80% NPKS + 2 t ha -1 DH), T 3 ( 80% NPKS + 4 t ha -1 CD ), T 4 (80% NPKS +1 t ha -1 DH + 2 t ha -1 CD), T 5 (70% NPKS + 4 t ha -1 DH), T 6 (70% NPKS + 8 t ha -1 CD ), T 7 (70% NPKS + 2 t ha -1 DH + 4 t ha -1 CD), T 8 ( 50% NPKS + 6 t ha -1 DH), T 9 (50% NPKS + 12 t ha -1 CD), T 10 ( 50% NPKS + 3 t ha -1 DH + 6 t ha -1 CD) and assigned in a randomized complete block design with three replications. The unit plot size was 3-x2-m x 2.0m. Full amount of P as TSP, K as MP and S as gypsum were applied during final land preparation. Urea was applied in 3 equal splits: one third at basal, one third at 30 days after transplanting (DAT) and the remaining one third was applied at 55 DAT. Two different types of organic manure viz., dhaincha (Sesbania rostrata) and cow dung (CD) were used. Dhaincha was applied before 2 weeks and CD was applied before one week of transplanting. Forty days old seedlings of BRRI dhan40 were uprooted from seedbed and transplanted on 14 August 2011 at a spacing of 20 cm x 20 cm using 3 seedlings hill -1 . The crop was harvested when 80-90% of the grains were turned into straw colored on 26 November 2011. The plant height was measured from the ground level to the top of the panicle. From each plot, plants of 10 hills were measured and averaged. The measurement of panicle length was taken from basal node of the rachis to the apex of panicle. Each observation was an average of 10 hills. Ten hills were taken randomly from each plot and total numbers of effective tillers hill -1 were recorded. Filled and unfilled grains per panicle were counted and averaged from the panicles of ten hills. 1000 grains were taken from the samples and after sun drying the weight was recorded by using electrical balance. The harvested crops was threshed, cleaned, dried and weighed. Straw and grain yields were adjusted to 14% moisture content. Before land preparation, initial composite soil sample were collected at 0-15 cm depth from different spots and prepared for physical and chemical analysis. The experimental site is fairly level, well drained and belongs to Deep Red Brown Terrace Soil under Madhupur Tract (AEZ-28). The physical and chemical characteristics of initial soils are given in the table 1. Table 2 . Nutrient status of organic manure used in the experiment (oven dry basis) Plant nutrient analysis: Grain and straw samples were collected from each plot and were dried for 48 hrs in oven at 65 ± 5°C. These dried samples were partitioned into grain and husk. Finally ground samples were passed though 0.5 mm mesh sieve and were used for chemical determination of N, P and K concentration as described by Jackson (1973) . The significance of the differences among pairs of treatment means was estimated by the least significant difference (LSD) test at 5% level of probability (Gomez and Gomez, 1984) . The mean comparisons of the treatment were evaluated by DMRT (Duncan's Multiple Range Test).
RESULTS AND DISCUSSION Yield:
The highest grain (5.9 t ha -1 ) and straw (8.59 t ha -1 ) yields were obtained from treatment T 5 (70% NPKS + 4 t ha -1 DH) and T 3 (80% NPKS + 4 t ha -1 CD), respectively and the lowest grain yield (3.63 t ha -1 ) and straw yields (4.66 t ha -1 ) were observed in control plots (Table 3) . Grain yield was positively correlated with the number of effective tiller, panicle length and filled grains panicle -1 and 1000 grain weight. The grain and straw yields due to different treatments ranked in order of T 5 > T 2 > T 3 > T 4 > T 1 > T 7 > T 6 > T 8 > T 10 > T 9 > T 0 and T 3 > T 1 > T 2 > T 4 > T 5 > T 7 > T 6 > T 8 > T 10 > T 9 > T 0 respectively. Hoque et al. (2001) reported significantly increased grain and straw yields due to application of organic manure and chemical fertilizers. This is also in agreement with the findings of Laxminarayan (2000), Dwivedi and Thakur (2000) and Rajni Rani et al. (2001) .
Nitrogen content in grain and straw: Nitrogen contents in rice grain and straw ranged from 1.14 to 1.28% and 0.710 to 0.862%, respectively. The highest N contents (1.28%) in rice grain and (0.862 %) in rice straw was observed in the treatment T 1 (N 120 P 15 K 45 S 20 kg ha -1 ) due to application of recommended doses of chemical fertilizers and the lowest N content in grain (1.14%) and in straw (0.710 %) was noted in T 0 (control) treatment (Table 4 ). The effect of T 5 treatment was more pronounced in increasing the N content in rice grain and straw of BRRI dhan40 as compared to cow dung. The results revealed that N content in rice grain was higher than straw. Significant increase in N contents in rice grain and straw due to the application of organic manure and fertilizers have been reported by many investigators (Azim, 1999; Hoque, 1999) . Total N uptake: The highest total N uptake (141.9 kg ha -1 ) was recorded in the treatment T 1 which was statistically identical to treatment T 5 (Table 5 ). This result showed that total N uptake was high in recommended doses of chemical fertilizer T 1 (N 120 P 15 K 45 S 20 kg ha -1 ) followed by combined application of GM with chemical fertilizers (treatment T 5 ) .This might be due to (i) increased supply of all essential nutrients directly through organic and inorganic source to crop, (ii) indirectly through checking the losses of nutrient from soil solution and (iii) by increasing in the nutrient use efficiency. Sengar et al. (2000) reported that the N uptake by rice grain and straw increased significantly with the combined application of organic manure and chemical fertilizers. Duhan et al. (2002) ; Rahman (2001) ; Hoque (1999) and Azim (1999) also reported similar results. Phosphorus content in grain and straw: Phosphorus content in rice grain and straw ranged from 0.200 to 0.292% and 0.051 to 0.081%, respectively. The highest P content (0.292%) in grain and (0.081 %) in rice straw was observed in the treatment T 2 (0% NPKS + 2 t ha -1 DH) and the lowest P concentration was noted in the treatment T 0 (Table 4 ). The next highest P content in rice grain and straw was found in the treatment T 5 (70% NPKS + 4t ha -1 DH). Lower grain P content was observed in those treatment received NPKS fertilizers with CD compared to 100% NPKS and NPKS fertilizers with GM. Verma (1992) reported that incorporation of organic manure significantly increased the concentration of P in rice grain and straw yields of rice. Means having same letter(s) do not differ significantly at 5% level of probability RDF= Recommended Dose of Fertilizer, N= Nitrogen, P= Phosphorus, K= Potassium, S= Sulphur, CD= Cow dung, DH = Dhaincha, = Standard Error of Means, CD 1 = Critical Difference Total P uptake: The total P uptake ranged from 9.64 to 23.40 kg ha -1 . The highest total P uptake (23.40 kg ha -1 ) was recorded in the treatment T 2 (80% NPKS + 2 t ha -1 DH), and the lowest value (9.64 kg ha -1 ) was observed in the treatment T 0 (Table 5 ). This results shows that total P uptake by grain and straw were significantly due to combined application of GM with chemical fertilizers. Sengar et al. (2000) reported that the P uptake by rice grain and straw increased significantly with the combined application of organic manure and chemical fertilizers.
Potassium content in grain and straw:
The highest K content (0.341%) in grain and (2.25%) straw was observed in the treatment T 5 (70% NPKS + 4 t ha -1 DH) that was significantly higher than the rest of the treatments and the lowest K concentration was noted in the treatment T 0 (Table 4) . From the results it was observed that the K content in rice straw was higher than grain in all the treatments K contents both in grain and straw of rice increased due to combined application of organic manure and chemical fertilizers (Islam, 1997; Khan et al., 1998) . ) was observed in the treatment T 0 (Table 6 ). This results shows that total K uptake were influenced more due to combined application of GM with chemical fertilizers. Sengar et al. (2000) reported that the K uptake by rice grain and straw increased significantly with the combined application of organic manure and chemical fertilizers.
Sulphur content in grain and straw:
The highest S content (0.116%) in grain and (0.086 %) in rice straw was observed in the treatment T 5 (70% NPKS + 4 t ha -1 DH) that was significantly higher than the rest of the treatments and the lowest S concentration was noted in the treatment T 0 (Table 4) . Azim (1999) and Hoque (1999) reported that application of S from manure and fertilizers increased S content both in grain and straw. Ali et al. (2009) also reported the similar results.
Total S uptake:
The highest total S uptake (13.31 kg ha -1 ) was recorded in the treatment T 2 (80% NPKS + 2 t ha -1 DH) and the lowest value (5.84s kg ha -1 ) was observed in the treatment T 0 (Table 6) . Azim (1999) and Hoque (1999) recorded the higher uptake of S with the application of manure and fertilizers in combinations.
Post harvest soil properties: Application of organic manure and chemical fertilizers resulted in considerable influence on the properties of the post-harvest soils (Table 7 ). In some treatments the pH value slightly decreased as compared to the initial value (6.0). The highest organic matter content (1.42%) was found in T 5 (70% NPKS + 4 t ha -1 DH) treatment which was also increased compared to the initial value. Organic manuring increased the organic matter content, total N, available P, exchangeable K and available S in the post harvest soils. Hoque et al. (2001) , Mathew and Nair (1997) , and Azim (1999) reported that, combined application of organic manure and chemical fertilizer can increased the organic matter content, total N, available P, exchangeable K and available S in the post-harvest soils. Means having same letter(s) do not differ significantly at 5% level of probability RDF= Recommended Dose of Fertilizer, N= Nitrogen, P= Phosphorus, K= Potassium, S= Sulphur, CD= Cowdung, DH = Dhaincha, = Standard Error of Means, CD 1 = Critical Difference CONCLUSION From the present study it may be concluded that rice variety BRRI dhan40 responded better to the nutrient supplied from the organic manure in producing grain and straw yields. The study clearly demonstrates that the benefit of using dhaincha as GM can reduce the N, P, K and S fertilizers for T. Aman rice, giving good economic yield and also slightly increased the soil organic matter content particularly when the fertilizers were applied on soil test basis (STB). This is the one year result. Regular practice of INM may be able to increase different soil qualities including soil organic matter content. BRRI dhan40 can be cultivated profitably in the Tejgoan silt loam soil by using combined application of 70% NPKS fertilizers with 4 t ha -1 GM. The overall findings of this study indicate that the combined use of fertilizer and manure in T. Aman rice should be encouraged for maintaining rice yield, quality and soil fertility.
